The paper deals with the problem of decreasing level of knowledge of university students due to the changes of the school system in Slovakia. As the commonly repeated words connected with education in 21st.century are key competencies, we tried to look at the problems and challenges in teaching physics from this point of view. The role of classical experiments in our computerized world is also discussed.
Introduction
International assessments TIMSS (Trends In International Mathematics and Science Canada  2  3  3  6  534  Thailand  3  8  532  Estonia  3  8  531  Japan  2  5  3  9  531  New Zealand  2  5  3  9  530  Australia  4  7  5  10  527  Netherlands  4  7  6  11  525  Liechtenstein  6  14  522  Korea  5  9  7  13  522  Slovenia  10  13  519  Germany  7  13  10  19  516  United Kingdom 8  12  12  18  515  Czech Republic  8  14  12  20  513  Switzerland  8  14  13  20  512  Macao-China  15  20  511  Austria  8  15  12  21  511  Belgium  9  14  14  20  510  Ireland  10  16  15  22  508  Mean  performance  with no  statistically  significant   Hungary  13  17  19  23  504  Sweden  14  17  20  25  503  Poland  16  19  22  26  498  Denmark  16  21  22  28  496  France  16  21  22  29  485 difference to  OECD  average  Mean  performance  statistically  significantly  lower than  OECD  average   Croatia  23  30  493  Iceland  19  23  25  31  491  Latvia  25  34  490  United States  18  25  24  35  489  Slovakia  20  25  26  34  488  Spain  20  25  26  34  488  Latvia  26  34  488  Norway  20  25  27  35  487  Luxembourgh  22  25  30  34  486  Russian  Federation   33  38  479   Italy  26  28  35  38  475  Portugal  26  28  35  38  474 All results are available on internet [1] [2] [3] 
Number of countries
The best ranked country (score) 
The results and problems with the school reform in Slovakia
There was clearly a good reason to do changes at Slovak schools but the only thing that happened was the reduction of the percentage whack of hours of natural science subjects as it is seen in the Figure 4 . The result was a great disappointment for teachers of natural sciences. There are more than 50% lessons less of natural science at basic schools. The reduction at secondary grammar schools can be seen in the Figure 5 . Such result suggests that if we have problems with something, the solution is to deal with it less. (Not having good results in natural sciences resulted in less lessons.) Figure 5 . Reduction of lessons of natural sciences. The argument that students in their third and mostly the last year can have enough lessons of whatever subject they want is against the processual character of learning as well as the results of research in children thinking. Jean Piaget explained how children build concepts and ideas. He proposed that child's thinking does not develop entirely smoothly: instead, there are certain points at which it "takes off" and moves into completely new areas and capabilities.
He saw these transitions as taking place at about 18 months, 7 years and 11 or 12 years. This has been taken to mean that before these ages children are not capable (no matter how bright) of understanding things in certain ways. Differentiates self from objects
Recognises self as agent of action and begins to act intentionally: e.g. pulls a string to set mobile in motion or shakes a rattle to make a noise Achieves object permanence: realises that things continue to exist even when no longer present to the sense (pace Bishop Berkeley)
Learns to use language and to represent objects by images and words
Thinking is still egocentric: has difficulty taking the viewpoint of others Classifies objects by a single feature: e.g. groups together all the red blocks regardless of shape or all the square blocks regardless of colour Concrete operational (7-11 years) Can think logically about objects and events Achieves conservation of number (age 6), mass (age 7), and weight (age 9)
Classifies objects according to several features and can order them in series along a single dimension such as size. The moral stages reflect expanded insights into how perspectives differ and might be coordinated. As such, the moral stages might be related to stages of logical and social thought which contain similar insights. So far, the empirical evidence suggests that advances in moral thinking may rest upon prior achievements in these other realms . In the last 6th stage the moral reasoning is based on abstract reasoning using universal ethical principles. This involves an individual imagining and this is the second problem connected to the unlucky changes in school system in Slovakia. The result of the reform is that in the time when child starts to think in abstract terms and starts to test hypothesis there are less lessons of the subjects necessary for this stage of cognitive development and not being able to make hypothesis, to imagine, influences the ability of moral judgment as well.
Physics and competencies at universities
In this academic year the first graduates of reformed school system entered universities.
How does it look like at technical universities? We are limited both in time and materials. In time because of reduction of courses in physics -at technical universities students often study only one course of physics, which should contain the common physics, elements of the theoretical physics and special lectures according to the kind of study. In the time when technology changes almost daily there is not enough money to maintain the equipment of laboratories and we can hardly think about buying something new and more up to date. What is our goal in such situation?
The commonly repeated words connected with education in 21st.century are key competencies. Although there is much discussion about competencies and literacy, different resources have a lot in common.
Scientific literacy defined by PISA [4] and discussed in [7] involves the use of key scientific concepts in order to understand and help make decisions about the natural world. It also involves being able to recognize scientific questions, use evidence, draw scientific conclusions and communicate these conclusions. Scientific concepts relevant to the students'
world both now and in the near future will be used.
PISA assesses scientific literacy in three dimensions:
 The first, scientific concepts, which are needed to understand certain phenomena of the natural world and the changes made to it through human activity. While the concepts in OECD/PISA are the familiar ones relating to physics, chemistry, biological sciences and earth and space sciences, they need to be applied to real-life scientific problems rather than just recalled. The main content of the assessment is selected from within three broad areas of application: science in life and health; science of the earth and the environment and science in technology.
 The second, scientific processes, which are centred on the ability to acquire, interpret and act upon evidence. Five such processes that are present in OECD/PISA relate to:the recognition of scientific questions, the identification of evidence the drawing of conclusions, the communication of these conclusions, the demonstration of understanding of scientific concepts. All but the last of these do not require a pre-set body of science
knowledge. Yet since no scientific process can be "content-free", the PISA science questions will always require understanding of key scientific concepts.
 The third, scientific situations, selected mainly from people's everyday lives rather than from the practice of science in a school classroom or laboratory or the work of professional scientists. As with mathematics, science figures in people's lives in contexts ranging from personal or private situations to wider public, sometimes global issues.
At universities we should solve the following problems:
 to inform students logically ordered knowledge of the most common both important laws and models of the description of a nature;
 to approach them to judgment of a physical picture of the world existing at the present stage;
 to use received experience of knowledge for formation of theoretical type of thinking, ability to creative the skills of recognition of the modern scientific and technical information.
The important problem of education in physics is formation of natural-science type of thinking, to train their acquaintance with ways and structure of physical world around. Besides the course of physics we should also create science axiomatic for the subsequent studying engineering special disciplines an prepare students to be competitive in the world of information technologies and almost daily developing technologies [5, 7, 8] .
We have to enroll all these when thinking about teaching strategies. Most students hold the belief that the fundamental laws of physics have secondary relevance to their professions;
that physical laws apply to ideal, laboratory systems only and that they are invalid for real systems; and "practical formulas" are the only relevant ones.
This belief has its roots in previous education of students. Asking students about their experience from teaching physics -they mostly remember memorizing some definitions, equations, calculating some examples. Everything far away from real life.
But technological changes occur almost every day. Therefore, education system should be responsible in preparing students to face the global challenges of the 21st century. • Have the knowledge and understanding of scientific concepts and processes required for participation in a Digital Age society.
• Can ask, find, or determine answers to questions derived from curiosity about everyday experiences.
• Have the ability to describe, explain, and predict natural phenomena.
• Are able to read with understanding articles about science in the popular press and to engage in social conversation about the validity of the conclusions.
• Can identify scientific issues underlying national and local decisions and express positions that are scientifically and technologically informed.
• Are able to evaluate the quality of scientific information on the basis of its source and the methods used to generate it.
• Have the capacity to pose and evaluate arguments based on evidence and to apply conclusions from such arguments appropriately.
 Technologically Literate:
• Demonstrate a sound conceptual understanding of the nature of technology systems and view themselves as proficient users of these systems.
• Understand and model positive, ethical use of technology in both social and personal contexts.
• Use a variety of technology tools in effective ways to increase creative productivity.
• Use communication tools to reach out to the world beyond the classroom and communicate ideas in powerful ways.
• Use technology effectively to 17otu s, evaluate, process and synthesize information from a variety of sources.
• Use technology to identify and solve complex problems in real-world contexts. The results of our survey seem quite optimistic. But the sample was too small and done only in one semester to make serious conclusions.We did this pilot test because as mentioned above this was the first year that we had students in the first year who entered the secondary grammar school with the beginning of the school reform. What we could see already from the beginning during the voluntary training course in physics,( which is at our faculty held before the start of the first semester) the lack of physics lesson caused quite a lot of misconceptions in their knowledge. To change it we needed to know the reasons and then try to find some strategy to fulfill our aim to prepare students scientifically and technologically literate.
Students attitude and perception towards physics
The possible reasons were the commonly repeated argument that physics was too difficult and students just do not like it, teachers were to blame, because they were not inovative enough,.. Or was it the reason we stated before, that if results of testing proved bad results in natural sciences it was not at all logical to reduce the number of lessons? During the discussions with students we came to the conclusion that what they really missed at secondary grammar and technical schools were experiments. We decided to include easy experiments that were done along the labs planned for the semester. This meant a change in the organisation of the work in lab, much more preparation and also much more concentration and discipline from students. As we have quite a big groups for one teacher from around 17-23 students in each group, this was not easy. As for us we often had the feeling that there was literally big traffic during the labs, sometimes the feeling of chaos, but in the end it was also much fun from physics (see picture).
Picture 1. Classroom during the lab.
To illustrate the experiments that were included into the lessons we chose 2 of them.
The Motion of the Center of Gravity (CG) in a Uniform Gravitational Field
 Two nuts are connected to each other by a silk thread.
 The ratio m1/m2 = 1/2, then CG is located at one third a distance from the heavier nut.
 To make CG visible a ping pong ball is placed there.
 If this system is thrown up in such a way that both nuts also rotate in a vertical plane the ball moves in general along a parabolic path.
 This can be shown e.g. using many successive photographs of the motions.
A Wooden Board and a Coin
 A board is in a horizontal initial position. One end of the board rests on the table, the other one -on the hand. A coin lies on upper side of the board. After dropping one end of the board we follow the motion of the coin until we catch the dropping board in the hand again.
 Changing the position of the coin on the board we observe that at some position the coin tinkles. The problem rest in determining position at which the coin clinks. The region of tinkling corresponds to one third of the board length measured from its dropping end. In this region the acceleration of any point is greater than g (acceleration due to gravity). That is why the coin falls "slowly". If we stop the fall of the board the coin strikes on the board and becomes a source of a sound. An explanation of this effect is involved in solution of an equation of motion.
The feeling of teachers and the discussions with students are not relevant to any scientific discussion, so we started above mentioned pilot test with hope to provoke the discussion of other teachers to look for the reasons and solutions for better position of physics among other subjects. What can be seen so far is that even though the common belief that students do not like physics, their average value of testing their attitude towards it is quite satisfying. Alhough looking at the results of questions 6.,8. and 14 they are sort of contradictory. But as for the pilot test it can give us some directions.
As for their perceptions towards the teaching and learning of physics questions 1. and 4.
have contradictory results, later on it will be necessary to specify them better.
The results of students from 1st and 4th year are quite similar, but there were differences in their attitude towards physics in their evaluating of usefulness of physics knowledge in real life -the evaluation of 4th grades was lower which made us think about making more links between physics course and other courses they take. 4th grades also do not consider physics that useful for improving their lives, they enjoy studying physics less than 1st grades, which might be influenced by the fact that they had already studied for exam and knew that even when you bring fun into class it does not mean that you need to study less. But all these are only ideas that will need further investigation.
Conclusion
From our personal experience at the Faculty of Civil Engineering we believe that in our situation it is very important not to forget that one of the main pedagogical methods in physics is experiment. Despite the lack of lessons and insufficient equipment we have to use every possibility to enable students "hands on" experience. A good example that there are possibilities of using simple experiments in explaining physics at the university are publictions of prof. I.Baník [10, 16] . Using video and computer simulations is appropriate only when nothing else is available. Real, even very simple experiment shows the way scientists work (moreover, when most of the students come to university without any practical experience with physical experiments at all). In reality it is quite common that something goes wrong and the discussion why the results do not fit, what is the reason for the uncertainity -all these is
valuable for understanding what is physics and physical experiment. Our pilot survey also supports the necessity of bringing more experiments clearly connected with daily experience to help students understand the basics. The feeling od understanding stuff is experience of being successful in fulfilling tasks in physics that si later on the driving force for further studies.
